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Solar Activity Region 5395



Hydro-Quebec blackout

Salem transformer 
overheating



March 10, X4.5 flare accompanied by Coronal Mass Ejection (CME) 

CME shock arrival (SSC) at 01.27 UT, March 13  -- slow transit of CME

Second SSC identified Therefore there must have 
been a second CME



Date Start Time    (UT) X-ray Classification Radio Burst Intensity 
Type II        Type IV

March 6 13.54 X15.0 X X
March 7 14.47 X1.8
March 8 08.26 M5.7
March 9 10.03 M7.6 X
March 9 15.15 X4.0

March 10 18.48 X4.5 X X
March 11 08.29 M9.7
March 11 15.35 X1.2
March 11 19.33 X1.3
March 12 00.16 M7.3 X
March 12 08.16 M6.7
March 12 20.28 M6.3
March 13 02.59 X1.2
March 14 16.46 X1.1
March 15 16.43 M8.4
March 16 15.24 X3.6
March 16 18.26 M6.5
March 16 20.35 X1.4
March 17 07.15 M6.8
March 17 17.29 X6.5 X X

Solar Flares > M5.0



Interplanetary Coronal Mass Ejections (ICME)



ICME Flare 
Size

Flare Date & 
time (UT) 

SSC Date & Time 
(UT)

Travel time (hr 
min)

Shock 
Speed 
(km/sec)

Max solar 
wind speed 
(km/sec)

1 X4.5 10 Mar 18.58 13 Mar 01.27 54 hr 30 min 760 550

2 M7.3 12 Mar 00.16 13 Mar 07.43 31 hr 27 min 1320 983

Solar Wind Speed and Interplanetary Magnetic Field (IMF)

Solar wind speed = 983 km/sec

Southward IMF = 40 to 60 nT



Initial Phase

Auroral zone expanded 
to sit across Quebec

Auroral electrojet surge 
produced the magnetic 
substorm that caused the 
Hydro-Quebec blackout



Later Phase:  Further expansion of the auroral zone

Disturbance moved 
to lower latitudes



Effects in North America



Effects in Europe



Summary

March 1989 event had 2 CMEs

Second CME triggered 
substorm that caused      
Hydro-Quebec blackout

Main effects in US (including 
Salem transformer damage) 
and Europe occurred later in 
the storm

Associated with expansion 
of the auroral zone
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